Introduction {#j_tnsci-2018-0013_s_001}
============

Significant evidence exists for sex differences in behavior and neuropsychiatric disorders \[[@j_tnsci-2018-0013_ref_001]\]. There are many examples of female-biased conditions that include depression, anxiety disorders, and emotional disorders. On the same note, examples of male-biased conditions include dyslexia, autism, and schizophrenia. Also, there has been identification of sex-biased differences in biological functions that influence pharmacokinetic determinations. Furthermore, there exists different vulnerability of males and females to addictive disorders \[[@j_tnsci-2018-0013_ref_001],[@j_tnsci-2018-0013_ref_002],[@j_tnsci-2018-0013_ref_003]\]. However, despite the overwhelming evidence of sexbiased behavior, neuropsychiatric disorders, and biological influences, studies investigating the effects of sex on electrophysiological event-related potentials (ERPs) remain limited, and investigations into the P200 ERP are even more limited.

Although there are studies that did not show sex-related differences in the human brain \[[@j_tnsci-2018-0013_ref_004],[@j_tnsci-2018-0013_ref_005]\], there are other studies, some of which are more recent, that provided significant evidence of the existence of sexual dimorphism in the human brain \[[@j_tnsci-2018-0013_ref_006],[@j_tnsci-2018-0013_ref_007],[@j_tnsci-2018-0013_ref_008]\]. Conflicting evidence also exists with regards to event-related potential (ERP), electroencephalography (EEG), and electrophysiology in general. Some ERP studies did not show any sex-bias in ERP(9,10), while other and more recent evidence shows that sex differences in ERP exist \[[@j_tnsci-2018-0013_ref_011],[@j_tnsci-2018-0013_ref_012],[@j_tnsci-2018-0013_ref_013]\].

Jiajin Yuan et al. (2008) used an oddball task in an ERP study to investigate sex-related behavioral inhibitory control. They recorded ERP signals from 15 male and 15 female participants, while the participants performed a two-choice oddball task (standard/target distinction) by pressing keys within 1000 ms. Their results indicated that men exhibited smaller amplitudes and longer latencies than women for P200 ERP. Therefore showing a general sex difference in behavioral control for adult humans \[[@j_tnsci-2018-0013_ref_014]\]. In another study, Oliver-Rodriguez et al. found that the P300 ERP amplitude to be smaller among females compared to males \[[@j_tnsci-2018-0013_ref_015]\]. There are also other studies (11,12) that have shown sex differences in ERP.

On the other hand, Sangal and Sangal in a 1996 publication showed no ERP difference across sex. In that study \[[@j_tnsci-2018-0013_ref_010]\] they used a 32 channel EEG system to record the evoked potentials. Using a pseudo-random presentation, the participants were asked to press a button at each rare/target stimulus. The results of this study suggested that sex had no significant effect on amplitude or latency of the ERP signal. Other research work also showed no significant difference in ERP signal between males and females \[[@j_tnsci-2018-0013_ref_009]\].

As portrayed above, there is overwhelming evidence on the existence of sex-biased behavior, neuropsychiatric disorders, and biological influence. Also, as portrayed above, there is still no consensus on the effects of sex on electrophysiology, more specifically event-related potentials, and relevant studies are very limited. Given all of that, we have conducted an electrophysiological ERP study to investigate the effect of sex (female vs. male) on both amplitude and latency of P200 ERP.

Methods {#j_tnsci-2018-0013_s_002}
=======

Participants {#j_tnsci-2018-0013_s_002_s_001}
------------

As volunteers, 15 females (mean age = 40.6 years old) and 15 males (mean age = 39.0 years old) were recruited. All participants were healthy, had normal or corrected-to-normal vision, and right-handed. All participants signed an informed consent form for the experiment. The experiment protocol was granted ethical approval from the Health Sciences Center Ethical Committee prior to the initiation of the study.

Experimental ERP Task {#j_tnsci-2018-0013_s_002_s_002}
---------------------

The present study used an oddball task that was programmed in EPrime 2.0 (Psychology Software Tools, Inc.) stimuli presentation software. The oddball task consisted of target (low-probability) and standard (high-probability) tasks. The ratio of targets to standards is 20:80. The target was represented by an "X" and the standard was represented by an "O". The Xs and Os were interleaved by a fixation cross (ITI = 1000-2500 ms) and were displayed in random order for 500 ms for each appearance on the screen. Instructions were provided verbally to each respective participant before the start of the ERP recording session. The participants were instructed to sit comfortably on the chair with their right index finger situated comfortably on the response key. With the EEG electrode net on their head, each participant was respectively instructed to not respond to fixations and Os, and to only respond to Xs by pressing on the response key. Before collection of the ERP recordings, each participant had two practice runs. Then 3 experiment runs were administered for each participant.

ERP Recording {#j_tnsci-2018-0013_s_002_s_003}
-------------

ERP was recorded using a 256-channel dense array EEG system (GES 410 by Electrical Geodesics, Inc.) in an electrically shielded and sound-attenuated room. Net Station 5.1 (Electrical Geodesics, Inc.) was used to sample the ERP at 1000 Hz. Since this EEG system uses a high impedance amplifier, the electrode impedance was kept below 50 kilo-ohms \[[@j_tnsci-2018-0013_ref_016]\]. The 256 EEG electrodes were embedded in a HydroCel Geodesic Sensor Net (Electrical Geodecics, Inc.). Saline solution was used for conduction. For each participant, the net was securely situated on each respective participant's head. The net was properly adjusted so that Cz was on the vertex and it was made sure that the Fz-Cz-Pz were on the marked midline on the scalp. The rest of the electrodes were placed in accordance with the geodesic structure of the net.

ERP Data Analysis {#j_tnsci-2018-0013_s_002_s_004}
-----------------

The recorded ERP data was pre-processed and post-processed using Net Station 5.1 (Electrical Geodesics, Inc.). Each participant's data was first digitally filtered using a 0.1-30 Hz Bandpass filter. Then segmentation was done to segment the recorded data into epochs, which commence 100 ms before the onset of the target stimulus and end 700 ms after the onset. The offset for the segment was set at 18 ms based on a timing test done prior to the experiment runs. Then eye movements (max amplitude -- min amplitude \> 55 μV), eye blinks (max amplitude -- min amplitude \> 140 μV), bad channels (max amplitude -- min amplitude \> 200 μV) were removed using artifact detection and artifact removal algorithms of Net Station 5.1 (Electrical Geodesics, Inc.).

After the completion of the pre-processing steps for each participant's data, post-processing was done. The first step in post-processing was bad channel replacement in which detected bad channels were replaced with interpolated data from remaining good channels. Followed by averaging of all segments and an average reference montage operation. Baseline correction was done with baseline beginning 100 ms before stimulus onset and lasting for 100 ms.

Careful data inspection was carried out. P200 is known to be well-defined in frontal-central scalp electrode locations. Given our interest in P200 (occurring between 150-250 ms after stimulus event) the ERP signal from the following electrode sites, and from each participant, were included for further statistical analysis for our present study: Fp1, Fz, Fp2, F3, F4, Cz.

The P200 peaks and latencies were extracted using Statistic Extraction method in Net Station 5.1 (Electrical Geodesics, Inc.). The specific time frame during which P200 occurs ( 150-250 ms after stimulus onset) was factored in the Statistic Extraction method to extract P200 peaks and latencies across the respective electrodes and in accordance with the geodesic structure of the electrode montage. The Statistic Extraction setup was used in order to derive the P200 peaks and latencies for standard and target stimuli for both males and females, using Net Station 5.1 (Electrical Geodesics, Inc.).

Then the P200 peak amplitudes from the respective electrodes were combined and further analyzed using a two-sample t test utilizing SPSS (IBM SPSS Statistics for Windows Version 25). Furthermore, the P200 latencies from the respective electrodes were, also, combined and further analyzed using a two-sample t test utilizing SPSS (IBM SPSS Statistics for Windows Version 25).

Results {#j_tnsci-2018-0013_s_003}
=======

The average ERP head models of both sexes were inspected by careful visualization using Net Station 5.1 (Electrical Geodesics, Inc.). Both sexes showed a clear peak in the electrophysiological signal intensity at frontalcentral scalp locations between 150-250 ms after event onset. This peak resembles the P200 ERP. The averaged female ERP head model showed a peak in ERP signal intensity around 200 ms for the standard (high-probability) stimuli at frontal-central scalp locations ([Figure 1](#j_tnsci-2018-0013_fig_001){ref-type="fig"}). As for the target (low-probability) stimuli, the averaged female ERP head model showed a peak in ERP signal intensity around 193 ms at frontal-central scalp locations ([Figure 2](#j_tnsci-2018-0013_fig_002){ref-type="fig"}). For the males, the averaged ERP head model showed a peak in signal intensity around 188 ms and 181 ms respectively for standard and target stimuli at frontal-central scalp locations ([Figure 3](#j_tnsci-2018-0013_fig_003){ref-type="fig"}, [Figure 4](#j_tnsci-2018-0013_fig_004){ref-type="fig"}). These signal intensity peaks at the 150-250 ms temporal domain are P200 ERP amplitude peaks.

![Two-dimensional voltage map of the averaged female P200 waveforms at 200 ms peak latency for the standard (high-probability) stimuli. Bright yellow is positive and dark red is negative (scaled from -2.5μV to 2.5μV). The orientation of the figure is looking down at the top of the head with the nose at the top of the figure.](tnsci-09-072-g001){#j_tnsci-2018-0013_fig_001}

![Two-dimensional voltage map of the averaged female P200 waveforms at 193 ms peak latency for the target (low-probability) stimuli. Bright yellow is positive and dark red is negative (scaled from -5.3μV to 5.3μV). The orientation of the figure is looking down at the top of the head with the nose at the top of the figure.](tnsci-09-072-g002){#j_tnsci-2018-0013_fig_002}

![Two-dimensional voltage map of the averaged male P200 waveforms at 188 ms peak latency for the standard (high-probability) stimuli. Bright yellow is positive and dark red is negative (scaled from -3.0μV to 3.0μV). The orientation of the figure is looking down at the top of the head with the nose at the top of the figure.](tnsci-09-072-g003){#j_tnsci-2018-0013_fig_003}

![Two-dimensional voltage map of the averaged male P200 waveforms at 181 ms peak latency for the target (low-probability) stimuli. Bright yellow is positive and dark red is negative (scaled from -8.0μV to 8.0μV). The orientation of the figure is looking down at the top of the head with the nose at the top of the figure.](tnsci-09-072-g004){#j_tnsci-2018-0013_fig_004}

The results of the two-sample t test showed significant difference across sexes in both the mean P200 peak amplitude for all participants as well as the mean P200 latency for all participants. Females had a lower mean P200 peak amplitude (*M* = *2.06 μV*, *SD* = *1.81*) compared to males' mean P200 peak amplitude (*M* = *2.79 μV*, *SD* = *2.09*) for the standard (high-probability) stimuli (*p* = *0.013*). As for the target (low-probability) stimuli, females, also, showed lower mean P200 peak amplitude (*M* = *5.01 μV*, *SD* = *3.46*) compared to males' mean P200 peak amplitude (*M* = *6.93 μV*, *SD* = *3.41*) at *p\<0.001*. Furthermore, the results of the two-sample t test also showed that females had significantly longer mean latency for P200 compared to males. For the standard stimuli, females' mean P200 latency was 200 ms (*SD* = *28.0*) compared to 188 ms (*SD* = *32.5*) that of males (*p* = *0.008*). As for the target stimuli's P200 mean latency, the females' P200 mean latency was 193 ms (*SD* = *38.2*) compared to 181 ms (*SD* = *31.8*) for the males (*p* = *0.028*). [Figures 1](#j_tnsci-2018-0013_fig_001){ref-type="fig"}--[4](#j_tnsci-2018-0013_fig_004){ref-type="fig"} show the P200 ERP signal intensities for the respective study categories, and [Figure 5](#j_tnsci-2018-0013_fig_005){ref-type="fig"} shows single-subject waveforms associated with stimuli type across sex, at the Fz electrode site.

![Single-subject ERP waveforms at Fz (A: Female and standard stimuli, B: Female and target stimuli, C: Male and standard stimuli, D: Male and target stimuli).](tnsci-09-072-g005){#j_tnsci-2018-0013_fig_005}

Discussion {#j_tnsci-2018-0013_s_004}
==========

In the present study, participants were required to distinguish between high-probability stimuli (standard) and low-probability stimuli (target). They did so by accurately pressing a key, on which their right index finger was comfortably situated, and in response to the target stimuli. The oddball task, as the one used in this study, demonstrates adaptive reflexive processing whereby processes of inhibitory control must be recruited on the response to the standard (high-probability) stimuli during the presentation of the target (low-probability) stimuli in order for participants to provide a correct response to the target stimuli \[[@j_tnsci-2018-0013_ref_014],[@j_tnsci-2018-0013_ref_017]\].

The P200 ERP is an attention-related component that usually peaks between 150-250 ms after the onset of a stimulus. It appears as a positive going electrical potential in the frontal-central areas of the scalp. The P200 is believed to form the basis for later cognitive processing by indexing early attentional recruitment, and is a reflection of perceptual processing \[[@j_tnsci-2018-0013_ref_014],[@j_tnsci-2018-0013_ref_018],[@j_tnsci-2018-0013_ref_019],[@j_tnsci-2018-0013_ref_020]\]. Furthermore, a P200 peak appearing within 200 ms in the frontal scalp region is indicative of rapid detection of stimulus features \[[@j_tnsci-2018-0013_ref_020],[@j_tnsci-2018-0013_ref_021]\].

The females showed a lower mean P200 peak compared to males. The females also had a longer mean P200 latency compared to males. Therefore, in the present study, we found that the P200 ERP is sensitive to sex in both high-probability (standard) and low-probability (target) stimuli. The present study supports the notion that sex does affect ERP.

Furthermore, our study is consistent with previous studies that did show sex sensitivity to ERP \[[@j_tnsci-2018-0013_ref_011],[@j_tnsci-2018-0013_ref_012],[@j_tnsci-2018-0013_ref_015],[@j_tnsci-2018-0013_ref_022],[@j_tnsci-2018-0013_ref_023]\].

Males essentially elicited larger P200 amplitudes and shorter P200 latencies than females. Therefore, suggesting that males were faster at detecting the occurrence of the low-probability (target) stimuli and that they also directed more attentional resources to the features of the low-probability (target) stimuli compared to females. The faster detection of the low-probability (target) stimuli onset forms the bases of the succeeding recognition and resolution of response conflicts. Correspondingly, the observed sex effect on the P200 ERP during low-probability recognition further entails the probable existence of sex differences in the recognition and resolution of response conflicts subsequent phases \[[@j_tnsci-2018-0013_ref_019],[@j_tnsci-2018-0013_ref_024],[@j_tnsci-2018-0013_ref_025]\].

Given that the females in the present study exhibited lower mean P200 amplitude along with longer mean P200 latency compared to males, suggests that the attentional recruitment in the brain of males may be both larger and faster than that of females. Furthermore, results of the present study suggest that low-probability or infrequent stimuli may differentially activate attentional frontal-central brain circuits and/or regions in females compared to males. This further implies a sexually dimorphic disposition that may account for various sex-specific novelties in brain function and behavior, and that can be used to aid in better understanding sex-biased biological influences and neuropsychiatric disorders.
